ABSTRACT
RESUMO

Neste trabalho foi determinado o efeito da concentração da solução nutritiva no crescimento e na produtividade de minitubérculos de batata em um sistema hidropônico fechado empregando areia como substrato. Plântulas micropropagadas e minitubérculos foram plantados em 24 de março de 2004. Os tratamentos foram cinco soluções nutritivas com condutividades elétricas
 (CE) de 1,0 (T1), 2,2 (T2), 3,4 (T3), 4,7 (T4) 
INTRODUCTION
Nowadays, the propagation of potato (Solanum tuberosum L.) selected clones is hydroponically done, mainly in NFT (MEDEIROS et al., 2002) and aeroponics (FARRAN & MINGO-CASTEL, 2006 ) growing systems. These systems allow high yields, but they are costly and laborious. Adding substrate to the system is a tool to enhance chemical and physical inertia. As a consequence, labour and energy are saved (ROLOT & SEUTIN, 1999) . Information on hydroponic set up, substrate and nutrient solution composition for potato propagation is scarce.
The electrical conductivity (EC) of the nutrient solution currently used in horticultural crops lies in the range within 1.5 and 4.0dS m -1 (CASTELLANE Ciência Rural, v.38, n.6, set, 2008.
& ARAUJO, 1995; MARTINEZ & SILVA FILHO, 2004; URRESTARAZU, 2004) . While low EC may reduce growth, high concentrations may lead to physiological disorders, resulting in reduced growth and yield. The electrical conductivity (EC) threshold above which yield is impaired was reported to be as low as 0.7dS m -1 for beans (PLAUT, 1997) , from 2.0 to 2.6dS m -1 for lettuce (ANDRIOLO et al., 2005) and tomato (LI & STANGHELLINI, 2001; SONNEVELD, 2004) . The threshold reported for field grown potatoes was between 1.6 and 1.7dS m -1 (REIS JR et al., 1999) . In potato minituber production, nutrient solutions of EC values between 2.0 and 2.5dS m -1 has been used (MEDEIROS et al., 2002; FARRAN & MINGO-CASTEL, 2006) . Lower nutrient solution concentrations might reduce fertilization costs and higher ones restrict leaf area growth and water consumption. The effect of such practices on potato minituber production has not been reported.
The aim of this research was to determine the effect of nutrient solution concentration on plant growth and tuber yield of potato plants originated from minitubers and micropropagated plantlets, in a closed hydroponic system with sand as substrate.
MATERIAL AND METHODS
The experimental set up was a closed modified ebb-and-flood hydroponic system in a greenhouse of the Departamento de Fitotecnia, Universidade Federal de Santa Maria, RS, Brazil. A fibre cement tile, 3.05m long and 1.10m wide with gullies of 0.06m high and 0.18m wide, was used to sustain the growing bed. It was placed on a nutrient solution reservoir with 1% slope. The tile gullies and the inner surface of the reservoir were covered with a 100μm polyethylene sheet. The gullies were then filled with 0.015-0.020m gauge gravel and covered with a 0.0015m polyethylene screen to hold the 0.15m high growing bed (substrate) formed by sand of 0.001-0.03m particles, 1.6kg dm -3 bulk density and 0.111L dm -3 maximum water retention capacity. A wood frame was used to maintain this growing bed, which was covered with double faced (black and white) polyethylene sheet. A timer-controlled 520L h -1 submersible pump (8W) was used to deliver the nutrient solution from the reservoir to the upper end of the growing bed, from where it flooded and then drained by gravity (ANDRIOLO, 2006) .
The cultivar 'Macaca', the most popular potato cultivar grown in Rio Grande do Sul State during the last ten years was used. All plants were harvested at 49 days after planting, when old leaves began senescence. Total number of plants per plot was recorded. Minitubers bigger than 0.005m, were harvested, counted and their fresh weight determined. Dry mass of leaves, stems and minitubers were determined after drying samples at 60ºC until constant weight. Specific leaf area (SLA) was determined on the basis of dry mass of 100 leaf disks (5 × 10 -4 m 2 ), sampled on all leaves. Leaf area index (LAI) was further estimated by extrapolating the SLA to the plant leaf dry mass. Shoot and minituber dry mass were added and divided by the number of plants per plot to obtain total plant dry mass.
A completely randomized split plot experimental design was used, with nutrient solution concentrations as main plots and plantlets and minitubers as subplots. A fibre cement tile constituted the subplot, with three replications of 90 hills each. Border rows and end-row hills were not evaluated. Data were submitted to ANOVA. Means differing significantly by the F test were compared by the Tukey test for minitubers and micropropagated plantlets and by polynomial regression for EC effects, at 5% probability of error.
RESULTS AND DISCUSSION
Actual weekly average EC values were 1.0 (T1), 2.2 (T2), 3.4 (T3), 4.7 (T4) and 5.8dS m -1 (T5) ( Figure  1 ). In fact, nutrient solution concentration varies with water uptake by plants. The more concentrated is the Ciência Rural, v.38, n.6, set, 2008. nutrient solution the faster is the increase of EC as a consequence of similar water uptake.
Plants originated from minitubers differed from plantlets (Table 1) . Plants from minitubers produced higher fresh and mean weight of minitubers, shoot dry mass and leaf area index than those from plantlets. However, higher dry mass of minitubers was found in plantlets than in minitubers. Total dry mass was similar in plants originated from minitubers and plantlets, with an average of 11.8g per plant. Number of minitubers did not differ significantly by effect of neither propagation materials nor nutrient solution concentrations, with an average of 5.9 minitubers per plant (data not shown).
In plantlets, total and minituber dry mass varied with nutrient solution concentrations following a polynomial pattern with respectively maximum values of 13.0g per plant at 2.8dS m -1 , and 8.7g per plant at 3.0dS m -1 (Figure 2a ). These maximum values were considered as the threshold for nutrient solution concentration, after which plant growth and yield decreases. Increasing one unit of EC decreased tuber fresh and mean weight at a rate of 6.75g per plant and 1.17g per minituber, respectively (Figure 2b) .
In minituber-originated plants, increasing nutrient solution concentration decreased plant growth and minituber production (Figures 3a and 3b) . Therefore, maximum plant growth and minituber yield were found in the EC of 1dS m -1 . In this work, growth and minituber yield of minituber-originated plants were different from plantletoriginated ones. Growth and development of plantlets depend upon carbon fixation by photosynthesis and nutrient uptake by roots, following the balanced exponential model that explains shoot:root growth at vegetative stages (THORNLEY, 1998 ). In the model, growth rate may be reduced either by lack of carbon or mineral nutrients. However, minituber-originated plants also have reserves of carbon and mineral nutrients to support initial plant growth. The hypothesis of plant growth of plantlets being restricted by low availability of carbon and nutrients at earlier stages of plant development was supported by the polynomial-type growth response (Figure 2a) . The higher values of minituber fresh and mean weight recorded for both propagated materials at the lowest nutrient solution concentration were quite surprising. The main hypothesis to explain this result is the available volume for root growth. In NFT, roots grow in a thin layer of nutrient solution and in bag or pot growing systems roots growth in a small amount of substrate. The volume of root media in our sand growing bed was of about 503dm 3 , with 55.8L of nutrient solution at maximum water retention capacity. This implies that the low concentration of the nutrient solution might be compensated by a greater root surface to absorb water and nutrients. In fact, this hydroponic set up lies in between NFT and soil, in which plants can grow at nutrient solution concentrations lower than those in hydroponic systems.
The average yield of 590 minitubers per m 2 that was found in this experiment was similar of those reported in the literature for gravel NFT (ROLOT & Ciência Rural, v.38, n.6, set, 2008. SEUTIN, 1999; MEDEIROS et al., 2002) and aeroponic systems (FARRAN & MINGO-CASTEL, 2006) . However, the hydroponic production of potato minitubers might be improved by this system. The high volume of nutrient solution maintained by the substrate decreases risks of plant wilt in case of pump failure or electricity shortage. Also, fewer daily fertigations are needed, reducing pump wear and saving energy. The available substrate volume allows the use of low nutrient solution concentrations, diminishing production costs.
CONCLUSIONS
In a closed hydroponical system with sand as substrate, increasing the nutrient solution concentration until an EC 5.8dS m -1 does not affect minituber number, but reduces minituber fresh and mean weight. Nutrient solution concentrations of about 1.0dS m -1 may be used to propagate potato seeds from both plantlet and minituber-originated plants.
